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Silver vanadium oxide having low internal resistance and method of manufacture 



(57) The current invention relates to the preparation 
of an improved cathode active material for non-aqueous 
lithium electrochemical cell. In particular, the cathode 
active material comprises e-phase silver vanadium ox- 
ide prepared by using a T^phase silver vanadium oxide 
starting material. The reaction of ^phase SVO with a 



silver salt produces the novel e-phase SVO possessing 
a lower surface area than e-phase SVO produced from 
vanadium oxide (V 2 O s ) and a similar silver salt as start- 
ing materials. Consequents, the low surface area e- 
phase SVO material provides an advantage in greater 
long term stability in pulse dischargeable cells. 
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Description 

[0001] This application claims priority based on provisional application Serial No. 60/259.068, filed December 28. 
2000. 

BACKGROUND OF THE INVENTION 
1 . FIELD OF THE INVENTION 

rooo21 This invention relates to the conversion of chemical energy to electrical energy. More particularly, this Invention 
dates to the preparation of an improved cathode active material for non-aqueous li \ hlum h e, ^ hem,C ^" S ; 
Smore oufeulariy a reaction product of rphase silver vanadium oxide (Ag^O^, e-phase s.lver vanadium ox de 

tsvoTg'^ 

mater a. anc f a vanadium-containing materia, having a silver to vanadium mole ratio of ^ ^JJ^^Sf. 
mn(nhpre o( reauC ed oxvoen The resulting mixed phase active material incorporated into a lithium cell provides a 
^^ll"Z^!^s^o, a'nd. hence, improved rate capability in comparison to cathodes £ e £*. 
olse svb material The product cathode active material is usefu! in an implantable electrochemical cell, for example 
^SSSX'««Ste defibrillator, where the cell may run under a light ioad for significant penods interrupted 
from time to lime by high rate pulse discharge. 



35 



40 



45 



so 



55 



2. PRIOR ART 



rO0O31 Silver vanadium oxide (SVO) is normally prepared by heating appropriate amounts of a s.lver^onta.n.ng 
compound wUh vanSum oxide under static conditions in the presence of air. Such a decomposition reaction is 
SSSJlTu S Patent Nos. 4.310,609 and 4,391 ,729, both to Liang et al., whfch are assigned to the ass,gnee of 
S^^^iililtonand incorporated herein by reference. The decomposition reaction occurs under an a,r atmos- 
oZeToTe temperature of about360°C. Specifically, Liang et al. discloses the preparation of silver vanad.um ox.de by 
T^SZSSon reaction of silver nitrate with vanadium oxide conducted under an air atmosphere to produce 
F-phase silver vanadium oxide having the formula Ag^O^. 

100041 A decomposition reaction is further detailed in the publication: Leismg. R.A ; Takeuch.. E.S Ctem Mater 
738-742.where the synthesis of SVOfrom sliver nHrate and vanad.m oxide under an a,r ensphere . 
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; Sn.ec as a ^^^^^o^r^ooo: Leising, R.A, Takeuchi. E.S. CHem. Mater. 1994 6. 
48949 th ^syles s of SVO from different silver precursor materials (sitver nitrate, silver nitrite, silver ox.de s.fcer 
vanadate ahdSercamonate) is Ascribed. The product actK,e materials of 

the formation of a mixture of SVO phases prepared under argon, which is not solely e- £« e ^ V 4°"; 
rooosi Also the preparation of SVO from silver oxide and vanad.um ox.de is well documented in the 'literature, in 
nTpub.ica Sns F.eury, P.; Koh.mu.le, R.C.R. Acad. SC. Paris 1966. 262C, 475-477 and CasatoL A, Pouchart M. 
BullSoc Chim Fr 1967 3817-3820, the reaction of silver oxide with vanad.um ox.de is descnbed. Wenda E J. 
f"er^ AnaM985 30.89 887. present the phase diagram of the V 2 0 5 -Ag 2 0 system in which the starting , materia* 
IT^Z^gen to form SVO . among other materials. Thus. F.eury and Koh.mu.ler teach that the heat treat- 
ment of ster ^ and vanadium-containing starting materia.s under a non-oxidizing atmosphere (such as argon) results 
in the formation of SVO with a reduced silver content. ^ lxtAr ^ n 
0006) The prior art further describes conducting a decomposition reaction with a .ower percentage . of ^ver<™- 
a,ning compound in the presence of vanadium pentoxide. resuming in the formation of a s.lver det«.ent^h^e s,.ver 
vanaXm oxide (Ago 74 V 2 0 537 ) along with p-phase SVO (Ag 0 .35V 2 O 5 . ie ). This is described in U S Paten No^ 
r 545 497 to TakSi^t a., "addition, U.S. Patent No. 6,171.729 to Gan et a., shows exemplary a.ka., meta.so.id 
cathode electrochemical cells in which the cathode may be an SVO of y °r e-phase_ materia*. 
[0007] It should be pointed out that various references list rphase SVO as Ag 0 . 74 y 2 O 5 ;j 7 or ^#f^™™* 
hey are essentially the same. For examp.e, V.L. Volkov, A.A. Fotiev. N.G. Sharova L L Surat. Rus^J. Inorg. Che^ 
21 (1976) 1566 lit rphase SVO as Ag 0 74 V 2 O 5 27 . Other references let th.s matenal as Ago. 8 V 2 0 5 . 4 and the two 
formulations for y-phase SVO are equivalents for the purpose of this invention. 

0008] However none of the prior art methods is capable of producing a ™™ 
bination of rphase silver vanadium oxide (Ag 08 V 2 O 54 ). e-phase silver vanad.um ox.de (SVO. Ag.V.O^) and Is Ivor 
metal as per the current invention. Therefore, based on the prior art, there is a need to develop a process for he 
TynthesTs of a mixed phase metal oxide including silver vanadium oxide and siN,er metal and havmg 
resistance The product is a cathode active material useful for non-aqueous electrothermal cells ^ having enhanced 
discharge characteristics, including the high pulse capability necessary for use with card.ac defibnllators. 
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SUMMARY OF THE INVENTION 

[0009] The current invention relates to the preparation of an improved cathode active material for non-aqueous lithium 
electrochemical cells, and in particular, one containing rphase SVO and e-phase SVO as well as elemental silver. The 
reaction product possess a relatively resistance (Rdc) in comparison to SVO prepared by prior art techniques. The 
present synthesis technique is not, however, limited to silver salts since salts of copper, magnesium and manganese 
can be used to produce relatively low resistance active materials as well. 

[0010] These and other aspects of the present invention will become increasingly more apparent to those of ordinary 
skill in the art by reference to the following description taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a schematic view of an exemplary reactor assembly according to the present invention. 
Fig. 2 is a graph constructed from the pulse discharge of a two Li/SVO test cells according to the prior art in 
comparison to one according to the present invention. 

Fig. 3 and 4 are graphs constructed from the pulse discharge of the prior art Li/SVO cells used to construct Fig. 2. 
Fig. 5 is a graph of the pulse discharge of the present invention LI/SVO ceil used to construction Fig. 2. 
Fig. 6 is an overlay graph of the cells used to construct Figs. 3 and 4. 
Fig. 7 is an overlay graph of the cells used to construct Figs. 3 and 5. 

Fig. 8 is a graph constructed from the pulse discharge of a Li/SVO cell according to the prior art in comparison to 
one according to the present invention. 

Fig. 9 is a graph constructed from the pulse discharge of a Li/SVO cell according to the prior art in comparison to 
two constructed according to the present invention with the SVO having been synthesized under various reduced 
oxygen atmospheres. 

Fig. 10 is a graph constructed from the constant current discharge of a Li/SVO cell according to the prior art in 
comparison to two constructed according to the present invention with the SVO having been synthesized in a 
rotating furnace having a reduced oxygen atmosphere. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] The thermal reaction of silver nitrate with vanadium oxide under an air atmosphere is a typical example of 
the preparation of e-phase silver vanadium oxide by a decomposition reaction. This reaction is set forth below in Equa- 
ls tionl: 



2AgN0 3 + 2V 2 0 5 -» Ag 2 V 4 0 1t + 2NO x (1) 

[0013] The physical characteristics of SVO material (i.e. particle morphology, surface area, crystal I in ity, etc.) pro- 
duced by this reaction are dependent on the temperature and time of reaction. In addition, the reaction environment 
has a dramatic effect on the product material. The same reaction of silver nitrate with vanadium oxide conducted under 
an argon atmosphere produces a -/-phase silver vanadium oxide, as depicted below in Equation 2: 

2AgN0 3 + 2V 2 O s AgVQ 3 + Ag 0 8 V 2 O s 4 + 2NO x (2) 

[0014] Thus, the synthesis of SVO under an inert atmosphere results in the formation of a mixture of silver vanadate 
(AgV0 3 ) and -f-phase SVO (Ag 0 8 V 2 O s 4 ). This is described in the above-referenced publication by Leising, R.A.; 
Takeuchi, E.S. Chem. Mater. 1994, 6, 489-495. 

[0015] In contrast, the current invention discloses that reacting a silver-containing materia] with a vanadium-contain- 
ing material in a reduced oxygen atmosphere produces a mixed silver vanadium oxide active material. Suitable silver- 
containing starting materials include silver nitrate (AgN0 3 ), silver carbonate (Ag^O-j), silver lactate (AgC 3 H 5 0 3 ), silver 
triflate (AgCF 3 S0 3 ), silver pentafluoropropionate (AgC 3 F 5 0 2 ), silver laurate (AgC 12 H 23 0 2 ), silver myristate 
(AgC 14 H 27 0 2 ), silver palmitate (AgC 16 H 31 0 2 ), silver stearate (AgC^H^O^, silver vanadate (AgVO s ) t silver oxide 
(Ag 2 0) and combinations and mixtures thereof. Suitable vanadium-containing compounds include NH 4 V0 3 , AgV0 2 , 
V 2 O s , V 2 0 4 , V 6 0 13 , V 2 0 3 , and mixtures thereof. Preferably, the silver-containing compound is in a 1 :2 mole ratio with 



3 



^ISDCCID: <EP 1220342A2J_> 



EP 1 220 342 A2 



" rao^Heatinq times for any of the first, second and final heating steps range from about 30 minutes to about 30 
E n . iriTes 7re required for lower heating temperatures. Also, while the present invenfon .s described 

fSfTalsh^ 

Tricto^em^tnc"des P a sTainless steel reaction chamber 12 connected to a hollow stainless steel condu,t 4 
I The reaction chamber 12 is a container of sufficient volume to house a quantity of reactants 18 

Z*~X*L~o^™^ and a vanadium-containing material in a 12 mole ratio 
Sent quantity of cathode acflve material to build a desired number of electrochemical <^^^S^2S 

ZZS tT^M U -he Si* wa„ o. ,he .,e„ 30 h, , »„.*„ 34 so »». .he m „,or 22 ean .w, 

the free flow of ambient air into and through the chamber 1 2. v.ohase S VO 

r0021l Depending on the reactants, the product cathode active mater.al has about 30% to about 70 /«> rphase SVO, 

Ssch^oap^^ 

Tor i a ml UM ^U-S Li A UB and Li-Si^B alloys and intermetallic compounds. The preferred anode compnses 
SLTTiSt ^2 prises a lithium alloy such as a .ithium.luminum alloy. The greater the amount of 

5Sd oTm lie" ^ame^te anoScu^ent co'ector, L... preferably comprising titanium titanium al.oy or nickel to 
foT^^odrcomponent Copper, tungsten and tantalum are also suitable materials for the anode current collector 

present invention, the anode component has an extended tab or lead of the .same materja. 
t he rr d e ^ c^rent collector i e preferably nickel or titanium, integrally formed therewith such as by weldmg and 
contacted bv a we.d to S case of conductive metal in a case-negative electrica. configuration. Alternate y, he 
anodfmay b ; ff^ed in stme other geometry, such as a bobbin shape, cylinder or pe.let to a.low an alternate low 

l££ 'tiptoe previous* described cathode active materia, comprising r phase SVO e-phase SVO and silver 
metaMs faction into a cathode electrode for incorporation into an electrochemical ce I they are preferab* mixed 
wtth a binder materia, such as a powdered fluoro-polymer, more preferably powdered P 0 ^ a ; uor ^ e ^JZll 
TpowdeSi poiviny dene fluoride, present at about 1 to about 5 weight percent of the cathode mocture. Further up 
to abTut iTwefct percent of a conductive diluent is preferably added to the cathode mixture to .mprove conduct^. 
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Suitable materials for this purpose include acetylene black, carbon black and/or graphite or a metallic powder such as 
of nickel, aluminum, titanium and stainless steel. The preferred cathode active mixture thus includes a powdered f luoror 
polymer binder present at about 3 weight percent, a conductive diluent present at about 3 weight percent and about 
94 weight percent of the cathode active material. For example, depending on the application of the electrochemical 
cell, the range of cathode compositions is from about 99% to about 80%, by weight, of the present cathode active 
material comprising y-phase SVO, e-phase SVO and silver metal mixed with carbon graphite and PTFE. 
[0025) Cathode components for incorporation into an electrochemical cell according to the present invention may 
be prepared by rolling, spreading or pressing the cathode active materials onto a suitable current collector selected 
from the group consisting of stainless steel, titanium, tantalum, platinum, gold, aluminum, cobalt-nickel alloys, nickel- 
containing alloys, highly alloyed ferritic stainless steel containing molybdenum and chromium, and nickel-, chromium- 
and molybdenum-containing alloys. The preferred current collector material is titanium and, most preferably, the tita- 
nium cathode current collector has a thin layer of graphite/carbon material, iridium, iridium oxide or platinum applied 
thereto. Cathodes prepared as described above may be in the form of one or more plates operatively associated with 
at least one or more plates of anode material, or in the form of a strip wound with a corresponding strip of anode 
material in a structure similar to a "jellyroir. 

[0026] In order to prevent internal short circuit conditions, the cathode is separated from the Group IA, IIA or 1MB 
anode by a suitable separator material. The separator is of electrically Insulative material, and the separator material 
also is chemically unreactive with the anode and cathode active materials and both chemically unreactive with and 
insoluble in the electrolyte. In addition, the separator material has a degree of porosity sufficient to allow flow there 
through of the electrolyte during the electrochemical reaction of the cell. Illustrative separator materials include fabrics 
woven from fluoropolymeric fibers including polyvinylidine fluoride, polyethylenetetrafluoroethylene, and polyethyl- 
enechlorotrifluoroethylene used either alone or laminated with a fluoropolymeric microporous film, non-woven glass, 
polypropylene, polyethylene, glass fiber materials, ceramics, a polytetrafluoroethylene membrane commercially avail- 
able under the designation Z1TEX (Chemplast Inc.), a polypropylene membrane commercially available under the 
designation CELGARD (Celanese Plastic Company, Inc.) and a membrane commercially available under the desig- 
nation DEXIGLAS (CM. Dexter, Div., Dexter Corp.). 

[0027] The electrochemical cell of the present invention further includes a nonaqueous, ionically conductive electro- 
lyte which serves as a medium for migration of ions between the anode and the cathode electrodes during the elec- 
trochemical reactions of the cell. The electrochemical reaction at the electrodes involves conversion of ions in atomic 
or molecular forms wh ich migrate from the anode to the cathode. Thus, nonaqueous electrolytes suitable for the present 
invention are substantially inert to the anode and cathode materials, and they exhibit those physical properties neces- 
sary for ionic transport, namely, low viscosity, low surface tension and wettability. 

[0028] A suitable electrolyte has an inorganic, ionically conductive salt dissolved in a nonaqueous solvent, and more 
preferably, the electrolyte includes an ionizable alkali metal salt dissolved in a mixture of aprotic organic solvents 
comprising a low viscosity solvent and a high permittivity solvent. The inorganic, ionically conductive salt serves as 
the vehicle for migration of the anode ions to intercalate or react with the cathode active material. Preferably, the ion 
forming alkali metal salt is similar to the alkali metal comprising the anode. 

[0029] In the case of an anode comprising lithium, the alkali metal salt of the electrolyte is a lithium based salt. Known 
lithium salts that are useful as a vehicle for transport of alkali metal ions from the anode to the cathode include LiPF 6 , 
LiBF 4 . LiAsF 6 , LiSbF 6 , LiCI0 4 , Li0 2 , LiAICI 4 , LiGaCI 4 , LiC(S0 2 CF 3 ) 3: LiN(S0 2 CF 3 ) 2 , LiSCN, Li0 3 SCF 3 , LiC 6 F 5 S0 3 ! 
Li0 2 CCF 3 , LiSO e F, LtB(C 6 H 5 ) 4 , LiCF 3 S0 3 , and mixtures thereof. 

[0030] Low viscosity solvents useful with the present invention include esters, linear and cyclic ethers and dialkyl 
carbonates such as tetrahydrofuran (THF), methyl acetate (MA), diglyme, trigylme, tetragylme, dimethyl carbonate 
(DMC), 1,2-dimethoxyethane(DME), 1 ,2-diethoxyethane (DEE), 1-ethoxy,2-methoxy ethane (EME), ethyl methyl car- 
bonate, methyl propyl carbonate, ethyl propyl carbonate, diethyl carbonate, dipropyl carbonate, and mixtures thereof. 
Suitable high permittivity solvents include cyclic carbonates, cyclic esters and cyclic amides such as propylene car- 
bonate (PC), ethylene carbonate (EC), b uty I ene carbonate (BC), acetonitrile, dimethyl sulfoxide, dimethyl, formarnide, 
dimethyl acetamide, y-valerolactone, ^butyrolactone (GBL), N-methyl-pyrrolidinone (IMMP), and mixtures thereof . In 
the present invention, the preferred anode is lithium metal and the preferred electrolyte is 0.8M to 1 .5M LiAsF 6 or LiPF 6 
dissolved in a 50:50 mixture, by volume, of propylene carbonate as the preferred high permittivity solvent and 
1 ,2-dimethoxyethane as the preferred low viscosity solvent. 

[0031] The preferred form of a primary alkali metal/solid cathode electrochemical cell is a case-negative design 
wherein the anode is in contact with a conductive metal casing and the cathode contacted to a current collector is the 
positive terminal. The cathode current collector is in contact with a positive terminal pin via a lead of the same material 
as the current collector. The lead is welded to both the current collector and the positive terminal pin for electrical contact. 
[0032] A preferred material for the casing is titanium although stainless steel, mild steel, nickel-plated mild steel and 
aluminum are also suitable. The casing header comprises a metallic lid having an opening to accommodate the glass- 
to-metal seal/terminal pin feedthrough for the cathode electrode. The anode electrode is preferably connected to the 
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case or the lid. An additional opening is provided for electrolyte filling. The casing header comprises elements having 
compatibility with the other components of the electrochemical cell and is resistant to corrosion. The cell .s thereafter 
filled with the electrolyte solution described hereinabove and hermetically sealed such as by close-weld.ng a titanium 
plug over the fill hole, but not limited thereto. The cell of the present invention can also be constructed in a case-positive 

[0033] The following examples describe the manner and process of an electrochemical cell according to the present 
invention, and they set forth the best mode contemplated by the inventors of carrying out the invention, but they are 
not to be construed as limiting. 

EXAMPLE 1 

[0034] A 1 :2 molar ratio of silver nitrate (AgN0 3 ): vanadium oxide {V z OJ was mixed and heated in ambient air to 
about 220°C for about 5 hours. The intermediate product was ground with a mortar and pestle prior to re-heat.ng in 
ambient air at about 230°C for about 30 minutes, then at about 260°C for about 2 hours, and finally at about 300 C 
for about 1 5 hours. The product was again re-ground prior to heating in ambient air at about 500°C for about 30 hours. 

EXAMPLE 2 

[0035] A 1 2 molar ratio of silver carbonate (Ag 2 C0 3 ):vanadium oxide was milled for about 5 minutes using a Spex 
8000 mill. The mixture was then placed in a beaker and heated in a muffle furnace under a flow of air. A ramp rate of 
about 20°C/minute to about 500°C was used for a total of about 9 hours. 

EXAMPLE 3 

[0036] A 1 2 molar ratio of silver carbonateivanadium oxide was milled for about 5 minutes using a Spex 8000 mill. 
The mixture was then placed in a 10 cc stainless steel Swagelok sample cylinder with three 6 mm stainless stee 
bearings This reaction chamber was partially sealed with glass wool plugs and connected to a hollow stainless steel 
rod containing holes for airflow. The rod/chamber assembly was then rotated inside a muffle furnace at about 210 rpm 
using an external electric motor for about 20 hours. At the start of rotation, the furnace was heated at about 20 C/ 
minutes to about 500°C for about 9 hours. The reaction atmosphere was about 94% COj>/6% air. 

CATHODE PREPARATION 

r00371 Three electrochemical cells were built, each having a cathode comprising a binder slurry of, by weight 4% 
oolvamic acid/1% PVDF in NMP prepared at a concentration of about 8% solids. The slurry was mixed at tow shear 
for about 15 minutes. A powder mixture consisting essentially of, by weight, 91% SVO from the respective Examples 
1 to 3 and about 5% carbonaceous diluent was dry milled to a homogeneous mixture. The milled solids were then 
added to the previously mixed binder slurry with a second low shear mixing step for about 1 0 minutes. The resulting 
cathode slurry was coated onto an aluminum current collector foil using a doctor blade. Upon drying, the cathode was 
cured according to the following heating protocol: about 140°C for about 30 minutes, then about 200°C for about 30 
minutes, and finally about 350°C for about one hour. 

ELECTROCHEMICAL TESTING OF CELLS 1 TO 3 

[00381 Test Cells 1 , 2 and 3 according to Examples 1 to 3 were assembled using a punched cathode of the respective 
SVO materials contacted to an aluminum current collector foil. The cathodes were electrically associated with an lithium 
metal anode (nickel current collector screen) to give an active area of approximately 2 cm* for each cell. Each test cell 
was activated with an electrolyte of 1 M LiAsF 6 dissolved in PC/DME = 1:1. 

[0039] Test Cells 1 , 2 and 3 were discharged using a series of four 1 ,200 mA/cc cathode volume for a duration of 
1 0 seconds the pulses being separated from each other by 1 5 seconds. The data from one train of this pulse d.scharge 
protocol was used to construct the graph of Fig. 2. In particular, curves 40, 42 and 44 were constructed from respective 
Test Cells 1 to 3. As shown, Test Cell 3 assembled with a cathode having SVO synthesized with the rotation treatment 
had the least amount of dc resistance. 

[0040] Test Cells 1 to 3 were then discharged using a series of four 300 mA/g SVO pulses for a duration of 10 
seconds The cells were rested at open circuit voltage for 30 minutes after each pulse train of four pulses, the pulses 
being separated from each other by 15 seconds. This pulsing protocol was repeated until cell voltage reached 1 .0 V. 
[0041] Results of the 300 mA/g SVO pulse discharge are presented in the graphs of Figs. 3 to 7. In Figs. 3, curve 
50 is the prepulse voltage before pulse 1, curve 52 is the prepulse voltage before pulse 4, curve 54 is the pulse 1 
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minima voltage and curve 56 is the pulse 4 minima voltage. In Fig. 4 : respective curves 60, 62, 64 and 66 are those 
for the discharge of Test Cell 2 and, in Fig. 5, respective curves 70, 72, 74 and 76 are those for the discharge of Test 
Cell 3. 

[0042] Fig. 5 overlays Jhe discharge data presented in Figs. 3 and 4 for the SVO material of Test Cells 1 and 2 
(Examples 1 and 2). Similarly, Fig. 6 overlays the discharge data presented in Figs. 3 and 5 for the SVO material of 
Test Cells 1 and 3 (Examples 1 and 3). Again, the largest improvement in cell resistance is for that of Test Cell 3 
(Example 3), which included the SVO synthesized under the rotation treatment. Thus, lithium cells made with this SVO 
material display improved performance toward rate capability. 

[0043] Additional experiments were performed to further investigate resistance characteristics of SVO produced in 
a reaction chamber having reduced air atmosphere. These include synthesizing SVO in a tube furnace under a reduced 
air atmosphere using a carbon dioxide/air mixture. A test was also done to discharge the SVO to measure degree of 
product crystallinity. 

EXAMPLE 4 

[0044] A 1 :1 molar ratio of silver nitrate: vanadium oxide was mixed and heated in ambient air to about 220°C for 
about 5 hours. The intermediate product was ground with a mortar and pestle prior to re-heating in ambient air at about 
230°C for about 30 minutes, then at about 260°C for about 2 hours, and finally at about 300°C for about 15 hours. The 
product was again re-ground prior to heating in ambient air at about 500°C for about 30 hours. 

EXAMPLE 5 

[0045] A 1:2 molar ratio of silver carbonate: vanadium oxide was milled for about 5 minutes using a Spex 8000 mill. . 
The mixture was then placed in an aluminum pan and heated in a tube furnace under a flow of carbon dioxide and air 
(about 94% CO^/S% air). A ramp rate of about 20°C/minute to about 500°C was used for a total of about 9 hours. 

TEST CELLS 4 AND 5 AND TESTING 

[0046] Test Cells 4 and 5 containing the respective SVO materials of Examples 4 and 5 were assembled in an identical 
manner as Test Cells 1 to 3 described above. 

[0047] Test Cells 4 and 5 were discharged in a similar manner as the 300 mA/g SVO pulse discharge regime described 
above until cell voltage reached 1 .0 V. The pulse discharge results are presented in the graphs of Fig. 8. For Test Cell 
4, curve 80 is the prepulse voltage before pulse 1 , curve 82 is the prepulse voltage before pulse 4, curve 84 is the 
pulse 1 minima voltage and curve 86 is the pulse 4 minima voltage. Similarly, curves 90, 92, 94 and 96 are those for 
the discharge of Test Cell 5. As shown by the graphs, Test Cell 5 assembled with a cathode having SVO synthesized 
under the carbon dioxide/air mixture had a lower dc resistance than that of Test Cell 4 containing SVO synthesized in 
an ambient air atmosphere. 

EXAMPLE 6 

[0048] An SVO material was prepared in an identical manner as set forth in Example 4. 
EXAMPLE 7 

[0049] An SVO material was prepared in an identical manner as set forth in Example 5. 
EXAMPLE 8 

[0050] An SVO material was prepared in an identical manner as set forth in Example 5 except the furnace contained 
a flow of carbon dioxide and air of about 84% 00^16% air. 

TEST CELLS 6 TO 8 AND TESTING 

[0051] Test Cells 6 to 8 containing the respective SVO materials of Examples 6 to 8 were assembled in an identical 
manner as Test Cells 1 to 3 described above. 

[0052] Test Cells 6 to 8 were then discharged using a series of four 400 mA/g SVO pulses for a duration of 10 
seconds. The cells were rested at open circuit voltage for 30 minutes after each pulse train of four pulses, the pulses 
being separated from each other by 15 seconds. This pulsing protocol was repeated until cell voltage reached 1 .0 V. 
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[00531 The pulse discharge results are presented in the graph of Rg. 9. For Test Cell 6, curve 1 00 is the prepulse 
voltage before pulse 1 , curve 1 02 is the prepulse voltage before pulse 4, curve 1 04 is the pulse 1>«mia«^»d 
curve 106 is the pulse 4 minima voltage. Similarly, curves 110, 112, 114 and 116 are those for the d.scharge of Test 
Cell7 andcurves 120, 122, 124and 126 are those for the discharge of Test Cell 8. 

r00541 As shown in Fig. 9, TestCells 7 and 8 assembled with cathodes havingSVO synthes.zed underthe respectwe 
caroon dioxid JaTmixtu'res again showed a .ower dc resistance than that of Test Ce.l 6 containing SVO S ynthes,zed 
in an ambient air atmosphere. 

EXAMPLE 9 

[0055] An SVO material was prepared in an identical manner as set forth in Example 4. 
EXAMPLES 10 AND 11 

[0056] An SVO material was prepared in an identical manner as set forth in Example 3. 
TEST CELLS 9 TO 1 1 AND TESTING 

[0057] Test Cells 9 to 1 1 containing the respective SVO materials of Examples 9 to 1 1 were assembled in an identical 
manner as Test Cells 1 to 3 described above. (e . m 
fOOSS] Test Cells 9 to 1 1 were then discharged at a constant current of 0.5 mA (current dens.ty = 30 mA/g of SV O ) 
to a voltage of 1 .0 V. The discharge results are presented in the graph of Fig. 10 where cun.es 130, 140, and 150 are 

roosgr^t^eL^'to^rcontaining cathodes synthesized using the reaction chamber (Fig. 1) had a slightly lower 
amount of capacity. This along with cathodes made with SVO synthesized under carbon dioxide/air atmosphere sug- 
gests a product with higher crystallinity Samples of SVO prepared by heating a silver-contain.ng compound with , a 
vanadium-containing compound in a CO^air-oxygen atmosphere showed larger peak intensity ,n x-ray £M£nan* 
ys ,s when compared to SVO prepared from the same starting materials and synthesized ,n amb,ent a.r. Typically, larger 
peak intensities indicate a higher percentage of crystallinity for powdered active matenals This means that the crystals 
ol the present active material are larger and more ordered than those of the pnor art techniques. 
[00601 It is appreciated that various modifications to the inventive concepts described herein may be apparent to 
those of ordinary skill in the art without departing from the spirit and scope of the present invention as defined by the 
appended claims. 



Claims 

1 . A method for producing a cathode active material which comprises: 

(a) mixing a silver-containing compound with a vanadium-containing compound to form a reaction mixture; 

(b) heating the reaction mixture in a reduced oxygen atmosphere to produce the cathode active material. 

2. The method of Claim 1 wherein the cathode active material comprises rphase SVO, c-phase SVO and elemental 
silver. 

3 The method of any preceding claim which includes selecting the silver-containing compound from the group con- 
sisting of silver nitrate, silver lactate, silver triflate, silver pentafluoropropionate, silver laurate, silver mynstate, 
silver palmitate, silver stearate, silver vanadate, silver oxide, silver carbonate, and mixtures thereof. 

4 The method of any preceding claim which includes selecting the vanadium-containing compound from the group 
consisting of NH 4 V0 3 , AgV0 2 , V 2 O s , V 2 0 4 , V 6 0 13 , V 2 0 3 , and mixtures thereof. 

5. The method of any preceding claim, which includes providing the silver-containing compound and the vanadium- 
containing compound in a mole ratio of about 1 :2. 

6. The method of any preceding claim which includes providing the reduced oxygen atmosphere having an oxygen 
content of 1 % to 10%. 
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7. The method of any preceding claim which includes providing the cathode active material having 30% to 70% y- 
phase SVO, 30% to 70% €-phase SVO and 1 % to 1 5 % silver metal. 

8. The method of any preceding claim which includes heating the reactive mixture to at least one reaction temperature 
5 in a range from 200°C to about 550°C. 

9. The method of any preceding claim which includes heating the reaction mixture to at least one reaction temperature 
for 30 minutes to 30 hours. 

10 10. The method of any preceding claim which includes subjecting the reaction mixture to a first reaction heating followed 
by a first mixing, then to a second reaction heating followed by a second mixing, and then to a third reaction heating. 

11. The method of any preceding claim which includes performing the first and second mixings at ambient. 

15 12. The method of any preceding claim which includes providing the first reaction heating at a first reaction temperature, 
the second reaction heating at at least a second and a third reaction temperature, and the third reaction heating 
at a fourth reaction temperature, each subsequent reaction temperature being greater than the previous one. 

13. A method for providing a cathode electrode, which comprises: 

20 

(a) mixing a silver-containing compound with a vanadium-containing compound to form a reaction mixture; 

(b) heating the reaction mixture in a reduced oxygen atmosphere to produce a cathode active material; and 

(c) utilizing the electrode active material in a cathode electrode. 

25 14. A method according to Claim 13 wherein the reactant compounds or the reaction conditions are defined in any of 
Claims 2 to 12. 

1 5. The method of Claim 1 3 or 1 4 wherein the step of utilizing the electrode active material to form the cathode electrode 
includes the addition of a binder and a conductive material. 

30 

16. The method of Claim 13, 14 or 15 wherein the cathode electrode further comprises 0 to 3 weight percent of a 
carbonaceous conductive additive, 0 to 3 weight percent of a fluoro-resin powder, and 94 to 99 weight percent of 
the electrode active material. 

35 17. A cathode for an electrochemical cell, which comprises an electrode active material preparable according to the 
method of any of Claims 1 3 to 1 6. 

18. A nonaqueous electrochemical cell, comprising: 

40 (a) an anode; 

(b) a cathode comprising a cathode active material characterised as having been prepared by heating a 
reactive mixture of a silver-containing compound mixed with a vanadium-containing compound in a reduced 
oxygen atmosphere; 

(c) a separator material electrically insulating the anode from the cathode; and 

(d) a nonaqueous electrolyte activating the anode and the cathode. 

19. The electrochemical cell of Claim 18 wherein the anode is comprised of lithium. 

20. The electrochemical cell of Claim 18 or 19 wherein the cathode active material is defined in Claim 17. 



45 
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21 . Use of a mixture of y-phase SVO, e-phase SVO and elemental silver as cathode active material to provide a cathode 
electrode of decreased electrical resistance. 



55 



JSDCCIO: <EP 1220342A2_I_> 



9 



EP 1 220 342 A2 




10 



EP 1 220 342 A2 




Time (»ec) 



I- Z 



SDOCID: <EP 1220342A2_L> 



11 



EP 1 220 342 A2 




12 



EP 1 220 342 A2 



3 - 



C5 

3 
o 

> 



Example 2 



^^^^^^ 



1 

100 



— I — 
200 



300 



Capacity (mAh/g SVO) 



400 



fk4 



^JSDOCID: <EP 1220342A2_I_> 



13 



EP 1 220 342 A2 



* Examples 



• v 



— 1 — 
100 



— i — 

200 



! 

300 



Capacity (mAh/g SVO) 



3NSDOCID: <EP 1220342A2_L> 



14 



EP 1 220 342 A2 




15 

SOOCID: <EP 1220342A2_|_> 



EP 1 220 342 A2 




EP 1 220 342 A2 




•OOCID: <EP 1220342A2_I_> 



17 



EP 1 220 342 A2 




18 



EP 1 220 342 A2 



3.5- 



3.0-1* 

Hi 



3 
o 
> 



2.0- * * 



1-5 i A 



1.0-1 . 1 1 , ■ 1 1 1 ■■ ii 

0 100 200 300 

Cap (mAh/g) 



fie. lo 



i °OC»D: <EP 1220342A2J_> 



19 



Ihis Page 



Blank luspto) 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(12) 



(88) Date of publication A3: 

17.09.2003 Bulletin 2003/38 



(ID EP 1 220 342 A3 

EUROPEAN PATENT APPLICATION 

(51) intci7: H0 1 M 4/48, H01M 4/54 



(43) Date of publication A2: 

03.07.2002 Bulletin 2002/27 

(21) Application number: 01310945.9 

(22) Date of filing: 28.12.2001 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SETR 
Designated Extension States: 
AL IX LV MK RO SI 

(30) Priority: 28.12.2000 US 259068 P 
27.12.2001 US 37133 

(71) Applicant: WILSON GREATBATCH LTD. 
Clarence New York 14031 (US) 



(72) Inventors: 

• Takeuchi, Esther S. 

East Amherst, NY 14051 (US) 

• Palazzo, Marcus 

North Tonawanda, NY 14120 (US) 

(74) Representative: Colmer, Stephen Gary et al 
Mathys & Squire 
100 Gray's Inn Road 
London WC1X 8AL (GB) 



(54) 



Silver vanadium oxide having low internal resistance and method of manufacture 



(57) The current invention relates to the preparation 
of an improved cathode active material for non-aqueous 
lithium electrochemical cell. In particular, the cathode 
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ide prepared by using a -y^phase silver vanadium oxide 
starting material. The reaction of y-phase SVO with a 
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a lower surface area than e-phase SVO produced from 
vanadium oxide (V^Og) and a similar silver salt as start- 
ing materials. Consequently, the low surface area e- 
phase SVO material provides an advantage in greater 
long term stability in pulse dischargeable cells. 
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